Introduction
It has been reported in our previous reports') 2) that single stimulation of the unilateral VL nucleus of the human thalamus constantly demonstrated three negative cortical evoked responses, namely the first negative wave (I-N) with a peak time of 8-12 msec, the second positive-negative wave (1I-PN) with a negative peak time of 40-50 msec and the third negative wave (III-N) with a peak time of 80-100 msec in bilateral central leads by averaging computer recordings. Distribution of the evoked responses following unilateral VL stimulation was also observed in both hemispheres and similarity of configuration of the responses in corresponding sites of the hemi spheres was noted in the frontal, the central and the parietal leads except the temporal leads.
Low frequency stimulation of the VL nucleus of the thalamus elicited augmenting response (AR) in man, when the intensities of stimulation were as stronger as to induce clear bilateral evoked potentials in the case of the single stimulation of the parameters in usual EEG records.
It is the purpose of this paper to report some additional experimental data, which have been observed by our supplemental experiments concerning investigation of the possible pathway from the stimulated VL nucleus to the contralateral cortex and analysis of AR following the VL stimulation in man.
Material and Method
Stimulation of the VL nucleus of the thalamus has been performed on 50 cases of Parkinsonian patients during stereotaxic thalamotomy for last one year.
Stimuli consisting 0.05-0.5 msec rectangular (square) wave pulses were delivered at different frequencies (1-12/sec) and voltages (1-12V) through a coaxial bipolar stimulating electrode (outside diameter 1.8 mm) with 1.5 mm tip separation. EEG machine (time constant; 0.1, filter; unfiltered or 0.5-1.0 kHz), data recorder and aver aging computer (ATAC 501-20) were also used in the similar way as our previous experiment.') 2) In this experiment, however, 25 cortical evoked response by positive (square) pulse stimulation of the VL nucleus and 25 response by negative (square) puls stimulation were summated in the case of single stimulation. By this procedure, the shock artefacts were minimized.
Provocation of AR was also done by repetitive stimulation of positive and nega tive square pulses. And the analysis of AR was done by utilizing pulse selector ( Fig. 1 ). Namely, an individual response composing AR were extracted respectively from 5 to 15 series of AR with positive stimulation as well as with negative stimulation by utili zation of this pulse selector. And equal numbers of corresponding responses in these two groups of positive and negative stimulation were summated. For instance, the first responses of 5 series of AR with positive and negative stimulation were registered selectively through this pulse selector and equal numbers of the first responses with positive stimulation and negative one were summated by computer technique.
Recorded responses were magnified by X-Y plotter or displayed in oscillographs which were taken in polaroid photograph. 
Results
Appearance of the initial positive deflection following unilateral single stimulation of the VL nucleus In our consecutive series of thalamotomy for 50 Parkinsonian patients, single stimulation of the VL nucleus has been performed during surgery with positive and negative stimulation (Fig. 2) . The shock artefacts of the stimulation were minimized with summation of equal numbers of the responses with positive and negative stimula tion. As the result, the positive deflection was noted as an initial wave of the response in 37 cases in bilateral central leads as well as ipsilateral cortical leads (Fig. 3) .
The first deflection time, which meant time from shock artefact to the beginning of the initial positive deflection of the response, measured in 5 cases who showed a clearcut demarcation of the deflection in the faster sweep of the record (Fig. 4) . The time was nearly equal in the ipsilateral scalp and the cortex, although the time of con tralateral scalp record showed longer to the ipsilateral.
The first deflection time ranged from 1.5 to 1.8 msec in the ipsilateral and from 2.2 to 2.6 msec in the contralateral leads (Table 1) . The initial or first positive (I-P) wave in the cortex The positive wave was observed with a multi-electrode which was inserted into the ipsilateral central cortex for simultaneous recording of the responses originated from the third and the fifth layers of the cortex.
The positive wave in the scalp recording was corresponded to negative waves of the records from the 3rd and 5th layer. And the I-N wave in the scalp lead as also ob served as large positive waves at the 3rd and the 5th layers ( Fig. 5 ). Conduction velocity from the stimulated VL nucleus of the thalamus to the cortex Distance from the point of the stimulated VL nucleus to the ipsilateral central cortex was exactly measured as the depth of inserted stimulating needle during surgery. Thus, conduction velocity concerning with the ipsilateral cortical response was readily obtained from the first deflection time of ipsilateral side in each case. The velocity ranged from 42 to 36 m/sec in our investigation and was thought to be reasonable value in the review of references.') 4)
Discrepancies of the first deflection time between ipsi and contralateral sides were ranged from 1.2 to 0.7 msec and difference of the distances of the conduction pathway between stimulated VL nucleus to ipsi-and to contralateral central cortex was estimated from 2.9 to 3.8 cm ( 
Transthalamic relation of the bilateral responses
In the procedure of our thalamotomy destruction of the targget point (the VL nu cleus of the thalamus) has been performed by means of high frequency coagulation method with the temperature of 65 to 70°C for one to two minutes. The size of the destructed lesion was estimated about 8 mm in diameter experimentally. Now, bilat eral thalamotomy has been carried out on 7 cases out of 50 patients. The authors com pared configuration of the response of the VL stimulation during the first surgery with the response during the 2nd surgery, because in the first thalamotomy the VL nucleus of the contralateral side had been normally present, but in the second thalamotomy the contralateral VL nucleus was destructed. There were no significant changes of the pattern and the first deflection time between the responses of the first and the second surgery (Fig. 6 ).
Analysis of augmenting response (AR) following stimulation of the VL nucleus in man
It has been reported in our previous paper'),') that AR was readily observed by stimulation parameters of 7-20 V, 0.5 msec of pulse duration, and 7-12 Hz frequencies from 64 sepuence of low frequency stimulation of the VL nucleus on 37 Parkinsonian patients. However, it was hardly elicited when the stimulation was applied with fre quency of 4 Hz or less and voltages of 6 volts or less (Fig. 7) . Therefore, there are sub threshold and suprathreshold stimulations for provocation of AR. Now, in this ex periment, 5V, 0.5 msec and 7/sec were applied as stimulation parameters of provoking subthreshold response and 10-12 V, 0.5 msec and 7/sec were as suprathreshold one (Fig. 8, 9 ). In 6 cases of subthreshold stimulation, the first positive wave showed fairly con stant deflection in the majority of cases, although there was one exceptional case , which showed slight waxing and waning phenomenon of I-P wave . The I-N waves were gener ally inhibited in all cases, especially there was a tendency where the positive phase of the II-PN wave was larger, the inhibition of the I-N wave was more pronounced in a series of tracings. The negative phase of II-PN waves showed nearly complete disap pearance after the second response. (Fig. 10) . Therefore, the responses showed gradu ally positive shifting as the progression of the volley of stimulation. In 7 cases of suprathreshold stimulation, the I-P and I-N waves showed fairly stable deflection up to the tenth of the response. However, positive phase of the II-PN waves became markedly larger and deeper in the series of tracings and negative phase of the II-PN wave showed also waxing tendency. Moreover, it is interesting that peak times of the positive phase of the II-PN wave became longer and longer following the advancement of the volley of stimulation (Fig 11) . The marked prolongation of the peak time of II-P wave was noted in 2 cases out of 7 cases of suprathreshold stimulation.
Comment
Thalamic VL nucleus is regarded as a specific nucleus concerning motor functions neurophysiologically and considered that the VL nucleus has direct fibre connections to the ipsilateral premoter cortex anatomically. However, our previous electrophysio logical studies on evoked cortical activity following the VL stimulation in man re vealed bilateral cortical activities which were thought to be evoked through rather simple physiological pathway. Anatomical consideration suggested us following three possible pathways from the unilateral VL nucleus to the contralateral cerebral cortex. These are the pathway (1) from the VL nucleus to the contralateral cortex directly via corpus callosum, (2) to ipsilateral cortex and then to there transcallosally and (3) to there via transthalamic or subthalamic pathway including the supraoptic commissure and/or non-specific systems.
If these contralateral responses were the result of the transmission of the impulse through the latter two pathways, the contralateral activity would appear in the record with a longer latency or in a different type of configulation of the response to the ipsi lateral side. In our cases of bilateral thalamotomy, the transthalamic transmission from the stimulated VL nucleus to the contralateral VL nucleus was also denied. Differences of the first positive deflection times between the ipsi and contralateral sides were ranged only from 1.2 to 0.7 msec and the differences of the distance of the conduction pathway were estimated from 2.9 to 3.8 cm.
It is in our mind from these facts that the impulses to the contralateral cortex are transmitted from the stimulated VL nucleus through the corpus callosum directly, although the positive anatomical pathway is not elucidated yet.
Low frequency stimulation of the VL nucleus of the thalamus elicited AR in la boratory animals as well as in man. The phenomenon, which shows waxing and waning of the amplitude of the response, is overlapped with the electroencephalographical background activity. Summation of the corresponding numbers of the response with the pulse selector facilitated the recording of the first response, the second response and so forth respectively and independently with minimized influences of background ac tivity. It is of interest that the positive phase of the II-PN wave became greater and greater with prolongation of the peak time following the advancement of the response in the suprathreshold stimulation, whereas the negative phase of the II-PN waves nearly disappeared in the subthreshold stimulation.
Summary
Electrophysiological studies on evoked cortical activity following stimulation of the thalamic VL nucleus have been reported in our previous papers')') In this paper, some additional data concerning the conduction pathway to the bilateral central cortex and the analysis of AR were presented. The study was performed during thalamotomy for 50 Parkinsonian patients.
1) Initial positive wave, which proceeded to the first negative wave, was noted by summating equal numbers of responses with positive and negative stimulations. The positive wave was estimated from the initiation of the evoked response.
2) The first deflection time, which meant time from shock artefact to the begin ning of the deflection of the inital positive wave, was ranged from 1.5 to 1.8 msec in the ipsilateral and from 2.2 to 2.7 msec in the contralateral central sites.
3) Conduction velocity of the responses was measured from the deflection time and the depth of probe in the ipsilateral side, and the velocities were ranged from 42 to 36 m/sec. 4) Difference of the distance of the conduction pathway between the stimulated VL nucleus to the ipsilateral and to the contralateral cortex was estimated from 2.9 to 3.8 cm.
5) The impise from the stimulated VL nucleus to the contralateral cortex was thought to be transmitted through the corpus callosum directly. 6) AR following suprathreshold stimulation was analized with pulse-selector. The result was that the most pronounced factor of the waxing and waning phenomena was the changes with the growth of the II-PN waves.
